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FOREWORD 

TEST PLAN FOR THE SPACE STATION PROPULSION TEST BED 

This  t e s t  p lan  contains t h e  in fo rmat ion  requ i red  t o  support the  t e s t i n g  o f  the  

Space S t a t i o n  Propuls ion system hydrogerdoxygen t e s t  bed. 

conta ins a desc r ip t i on  o f  t h e  Test Bed, Test Object ive,  Inst rumentat ion Plan, 

and Contro ls  plan. Each o f  these i s  discussed i n  d e t a i l  below. 

This Test Plan 
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1 .O Introduction 

Testing of the hydrogen/oxD#gen Space Station Propulsion System ... I1 
demonstrate the technology readiness f o r  the IOC Application. To 

facilitate early demonstration of  this technology and to allow 

demonstration of maturing technology, this testing will be performed 

with the components installed on a test bed which simulates the Space 

Station Structure. 

The basic objectives of this test program are to: 

1 )  Acceptance test the test bed and its controller. 

2) Evaluate hydrogen/oxygen propulsion technology readiness for 

the IOC station application, specifically gaseous 

hydrogen/oxygen and warm hydrogen gas thruster concepts with 

electrolysis supply systems. 

, 
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2.0 Reference Documentation 

The -following documentation form a part of this plan to the extent 
specified herein. 
specifically identified by change letter or date shall be the latest 
issue in effect. In the event of conflict between the document 
referenced herein and the content o f  this plan, the content o f  this 
plan shall be the governing requirement. 

The ecrective issue of those documents not 

SDecifications 

RJ 00097 
RL 00881 Test Bed/Facility In-Cell Leak check 
RL 00082 Test Bed Post-Test safing, Inerting, and Backout 

RL 00883 Test Bed System Inerting, Conditioning, and 

Space Station Propulsion Test Bed 

Procedures 

Propellant Loading 



I n t e r f a c e  C o n t r o l  Documents 

ICD-101 SSPS TEST BED MECHANICAL/STRUCTURAL 

INTERFACES 

ICD-301 SSPS TEST BED INSTRUMENTATION REQUIREMENTS 

ICD-401 SSPS TEST BED CONTROLS AND ELECTRICAL 

REQUIREMENTS 

ICD-601 SSPS TEST BED FLUID SERVICE REQUIREMENTS 

Drawi nqs 

7R030300 T e s t  Bed Assembly 

7R030295 T e s t  Bed Accumulator T h r u s t e r  Module 

7R032252 I n s t r u m e n t a t  5 on/Cont r o l  As sembl y 



3 . 0  GENERAL REQUIREHENTS 

3.1 Descr i  D t i  on 

The SSPS t e s t  bed 7R030300** i s  based upon a poss ib le  f l i g h t  

p ropu ls ion  system cons is t i ng  o f  a cen t ra l i zed  p rope l l an t  

supply ( i .e .  E l e c t r o l y s i s )  w i t h  accumulators located a t  t h e  

f o u r  t h r u s t e r  a r r a y  loca t ions .  

The t e s t  bed support s t ruc tu re  i n  concept i s  representat ive 

o f  t h e  space s t a t i o n  s t r u c t u r e  w i th  t h e  except ion o f  t h e  

o v e r a l l  dimensions. The space s t a t i o n  module w i l l  be a 

100 inch  cube t o  be compatible w i t h  a f i f t e e n  f o o t  t e s t  c e l l  

diameter. 

The t e s t  bed together  w i t h  i t s  c o n t r o l l e r  7R032252 i s  

designed t o  f a c i l i t a t e  the  eva lua t ion  o f :  

E l e c t r o l y s i s  o f  water supply system 

S u p e r c r i t i c a l  hydrogen propuls ion system. 

S u p e r c r i t i c a l  oxygen hydrogen propu ls ion  system. 

A l l  o f  t h e  above systems w i t h  hydrogen res i s to - j e t .  

**7RXXXXXX Numbers r e f e r  t o  drawings 



3.2 a 
3.2.1 

3.2.'! .1 

3.2.1.2 

Responsibilities 

Acceptance Tests 

Rocketdyne Responsibilities 

Rocketdyne has the primary responsibility for the Test Bed 

design, fabrication, test, and checkout activity, and for 

ensuring that the hardware turned over to the testing agencies 

is in a test-ready condition. Rocketdyne, in it's role as the 

Test Bed contractor, wi 1 1  maintain configuration status and 

will provide the necessary test requirements, test articles, 

and test support as required to satisfactorily support the Test 

Bed Testing at HSFC. 

HSFC Responsibilities 

HSFC is responsible for providing the necessary facilities, 

services, test planning, test conduct and technical and 

administrative support in the performance of all tests 

conducted at HSFC. 

activities in all HSFC facilities. Any modification to the 

test article will be performed by MSFC personnel with support 

from Rocketdyne personnel. 

HSFC has the responsibility for scheduling 



3.2.1.3 Verification - Acceptance Tests 

Rocketdyne will assign a Project Engineering representative 

to MSFC to verify test bed hardware configuration and 

integrity prior to, and during acceptance testing and 

interface with the test agency as required to coordinate 

overall acceptance test requirements. HSFC has primary 

overall responsibility and specific responsibility for 

facility items while Rocketdyne has primary responsibility 

for Test Bed equipment. 

3.2.1.4 Verification Functions 

The following verification functions will be performed by 

Rocketdyne personnel. 

3.2.1.4.1 Prior to Acceptance Testing (from receipt at HSFC to start of 

test countdown): 

A. Verify that applicable test documents are available and 

approved. 

C. Ensure that any safety critical steps or sequences are in 

effect . 

103Op-105-10 



0.  Verify that the test article is ready for test, and 

concur in the start of testing. 

E.  Maintain copies of facility and Rocketd;.ne "as used" 

procedures in the Log Book. 

3.2.1.4.2 During Testing (from start of test countdown to opening of 

test cell for personnel access): 

A .  Document anomalies and their dispositions as well as 

coordinate any interface action should an anomaly and/or 

its disposition influence both Rocketdyne and MSFC. 

6. Maintain copies of ''as used" test procedures i n  the Log 

Book. 

3.2.1.4.3 Subsequent to Testing (from test cell availability for 

personnel). 

A .  Document rework, repair, modification, or procedure 

changes during test operations. 

8. Report any additional anomalies and their dispositions. 

C. Ensure that remedial and preventive action has been 

accomplished relative to anomalies. 

1030~-105-11 



3.3 

3.4 

3.5  

Loss of Data. Loss of data during a test shall not 

necessarily constitute cause for automatic termination or 

invalidation of the acceptance test. The validity of each 

test shall be determined on the basis of its merit. 

Safety. HSFC System Safety will identify hazardous test 

conditions and with the support of Rocketdyne personnel shall 

establish precautionary procedures with test personnel. MSFC 

has primary safety responsibilities and Rocketdyne will act 

in a supporting role. 

Confiquration Controls. 

3.5.1 Ensineerinq Work Reauest (EWR). Authorization for any change 

to the test bed configuration, test plan, instrumentation, 

and Support Equipment prior to the completion of acceptance 

testing shall be an EWR issued by the on site Project 

Engineering Representative. 

will be reflected by changes made to the drawings. 

will become a part of the test log. 

Any changes to the configuration 

The EWR 



3.5.1.2 Modifications, Repair. and Hardware Replacement. 

A. Modifications: 

1. Electronic Support EQUiRment - Any change to 
Rocketdyne electronic support equipment which affects 

the interface or function requires an EWR prior to 

implementation. 

2. Mechanical Support Equipment - Any change to 
Rocketdyne supplied mechanical support equipment which 

affects the drawing configuration requires an EWR 

prior to implementation. Changes will then be 

reflected in the applicable drawings. 

become a part of the Log Book. 

The EWR will 

3. CFE - Any repair or replacement to CFE Electronic 

support equipment, mechanical support equipment or 

special test equipment that i s  necessary to correct a 

discrepant condition and does not alter the part 

number, interface, fit, form or function o f  the item 

requires a EWR. 



B. Post Acceptance Test: 

Upon t h e  s a t i s f a c t o r y  acceptance t e s t i n g  o f  t h e  t e s t  bed 

and i t s  c o n t r o l l e r  t he  mod i f i ca t ion ,  repa i r s  and hardware 

replacement w i l l  be performed by HSFC. With support from 

Rocketdyne these a c t i v i t i e s  w i l l  be recorded i n  the  l o g  

book. 

documentation as requi red t o  mainta in  con f igu ra t i on  

con t ro l .  

Rocketdyne w i l l  modi fy drawings and o the r  

3.5.3 Test Var ia t ions .  

Procedures/Specifications s h a l l  be documented on an EWR 

issued by t h e  on s i t e  P ro jec t  Engineering Representative. 

The a f fec ted  document w i l l  be red l i ned  t o  r e f l e c t  t h e  change 

and copies o f  t he  EWR and a f f e c t e d  pages w i l l  become a p a r t  

o f  t he  l o g  book. 

Any changes t o  the  Test Request o r  Test 

0 

3.5.3.1 Test Document Changes. Immediate changes t o  approved and 

released t e s t  documents s h a l l  be permi t ted t o  avoid t e s t  

delay. The documents s h a l l  be red l i ned  t o  show t h e  needed 

changes. 

document i s  subsequently being changed by Engineering Work 

Request (EWR). 

change, t h e  prov is ions  s h a l l  be entered i n  an Open I tem 

Report by t h e  Rocketdyne Representative. 

Items s h a l l  be addressed a t  t h e  appropr ia te TRR and the  

d i s p o s i t i o n  approved p r i o r  t o  t e s t .  

Test ing may then proceed wh i l e  the  a f fec ted  

I f  t h e  change i s  determined t o  be a permanent 

The s ta tus  o f  Open 

1030~-105-14 



3.6 Test Documentation. 

3.6.1 Test Reauest. A t e s t  request f o r  the acceptance t e s t  will be 

prepared defining t h c  t e s t  objectives,  hardware t o  be tes teu,  

instrumentation, f a c i l i t y  operating parameters and limits, 

and special requirements fo r  each t e s t  o r  se r ies  of similar 

t e s t s  t o  be r u n  i n  one setup. 

Tests a r e  t o  be conducted in accordance w i t h  the t e s t  plan; 

however, when approved by an EWR the t e s t  request will  

specify exceptions t o  the t e s t  plan. Accordingly, the t e s t  

procedures o r  f a c i l i t i e s  may require modification i n  order t o  

meet the requirements specified by the t e s t  request. Test 

requests w i l l  be signed by Rocketdyne Engineering and the 

tes t ing  agency representative. 

3.6 Test Procedures 

Any change t o  t e s t  bed related procedures pr ior  t o  completion 

o f  acceptance tes t ing  must be concurred w i t h  and approved by 

Rocketdyne Engineering. Copies of completed procedures, 

signed by the  t e s t  conductor, w i l l  be provided t o  Rocketdyne 

upon request. Post acceptance t e s t  any procedural change 

will be coordinated w i t h  Rocketdyne. 



3.6.3 

The entire set of integrated test procedures developed by the 

test agency must be submitted for approval to Rocketdyne 15 

days prior to the first test. All integrated test procedures 

and subsequent changes/revisions must be approved prior to 

implementation. 

The following Rocketdyne documents are provided for 

assistance in preparation of  the test agency integrated test 

procedures : 

RL 00881 Test Bed/Facility In-Cell Leak check 

RL 00082 Test Bed Post-Test safing, Inerting, and Backout 

Procedures 

RL 00883 Test Bed System Inerting, Conditioning, and 

Propellant Loading 

Los Book. 

A .  Prior to acceptance test, test bed checkout and other 

appropriate data will be entered in the appropriate sections 

of the Test Bed Log Book by the designated Rocketdyne 

representative. 



B. 

appropr ia te data w i l l  be entered i n  the  appropr ia te sect ions 

o f  t h e  Test Bed Log Book by Rocketdyne t o  mainta in  

con f igu ra t i on  con t ro l .  

Post acceptance t e s t ,  t e s t  bed checkout and o the r  

3.7 Reviews 

3.7.1 Test Readiness Reviews ( T R R I .  A Test Readiness Review w i l l  

be conducted p r i o r  t o  s t a r t  o f  each t e s t  and o ther  occasions 

deemed appropr ia te  by Rocketdyne and/or HSFC. 

o b j e c t i v e  o f  these reviews i s  t o  v e r i f y  t h a t  the  t e s t  

f a c i l i t y ,  t e s t  operat ing procedures, hardware, 

ins t rumenta t ion  system, data f rom previous tes ts ,  safety,  and 

requirements f o r  forthcoming t e s t s  have been adequately 

reviewed. These reviews w i l l  be chai red by MSFC. 

Representat ive(s) from the  t e s t  agency and Rocketdyne s h a l l  

be i n v i t e d  t o  a t tend the  TRR. 

The basic 

. 

3.7 .2  Test Data Evaluat ion Review (MSFC). A quick look data 

eva lua t ion  review meeting w i l l  be he ld  a t  MSFC wi th - in  two 

working days o f  each t e s t  bed acceptance t e s t .  Rocketdyne 

w i l l  support  t h i s  review w i t h  techn ica l  personnel t o  a s s i s t  

i n  the  eva lua t ion  o f  t h e  data a t  p a r t  o f  a j o i n t  data review 

I 



3.9 

3.8 

team comprised of Rocketdyne and MSFC personnel. 

o f  the meeting will be twofold. First, a review of the data 

quality will be made to determine if any test or data 

anomalies exist which might reqi-ire investigation prior to 

the next acceptance test. 

The purpose 

Second, a preliminary evaluation of any anomalies will be 

conducted and the tasks necessary to complete the evaluation 

prior to the succeeding test will be outlined. 

Security 

This test program and its associated data is unclassified. 

Test Conditions 

All tests will be conducted under the following test 

conditions 

A. Temperature 32 to 160' F 

B. Altitude 100,000 Feet Min. 

C. Relative Humidity Ambient 

3.10 Fluids and Gases. 

The fluids and gases required to service the test bed as 

specified in ICD 601. 



3.11 Cleanliness and Contamination Control Requirements. 

3.11.1 Cleanliness of Protective Services. Covers, caps, and other 

interim protective services used shall be cleaned to a level 

compatible with the system clt.inliness requirements. 

3.11.2 Test Bed Cleanliness. Any hardware that connects to the 

propulsion system and is installed after the test bed has 

departed from Rocketdyne shall be cleaned to the appropriate 

levels prior to installation. 

3.11.3 Facility Cleanliness. Facility fluid/purge systems shall be 

cleaned and verified in accordance with standard facility 

practices. 

3.11.4 Fluid Cleanliness. Fluid supplied to the test bed shall be 

verified prior to introduction into.the test bed. 

3.12 Check out Requirements 

During the conduct of the Test Program, Test Bed Operations 

shall be verified before and after each test 

The functional checkouts shall consist of the following: 

A. Verify the control valve fidelity by reviewing the 

command/response of each individual valve. 



B. Verify instrumentation operation by checking zero 

spans and R-cals or other calibration techniques. 

3.13 Visual Inspection 

The Test Bed will be visually inspected upon arrival at 

the testing agency and after the conduct of each test. 

3.14 Test Witnessinq. 

All acceptance tests shall be witnessed by Rocketdyne 

personnel as detailed in the test procedure. 

will be notified 48 hours in advance of acceptance 

tests. Following acceptance, Rocketdyne personnel will 

be available to witness and support all tests during the 

contractual period. For on site support, notification 48 

hours in advance will be required. 

Rocketdyne 



4.0 

4.1 

e -  

Test - 

The t e s t  program f o r  t he  t e s t  bed i s  d i v ided  i n t o  t h r e e  

elements. These are: 

Test c e l l  a c t i v a t i o n .  

Test bed acceptance t e s t i n g .  

System evaluat ion.  

Test Conf iqurat ion.  The t e s t  bed s h a l l  be i n s t a l l e d  I n  

t h e  t e s t  c e l l  w i t h  t h e  a x i s  v e r t i c a l  (See Figures 4-1 and 

4-2). 

The i n t e g r a t i o n  o f  t h e  t e s t  bed w i t h  t h e  t e s t  f a c i l i t y  

and c o n t r o l l e r  w i l l  be i n  accordance w i t h  t h e  i n t e r f a c e  

c o n t r o l  documents as fo l l ows :  

ICD-101 SSPS TEST BE MECHANICAL/STRUCTURAL 

INTERFACES 

ICD-301 SSPS TEST BED INSTRUMENTATION REQUIREMENTS 

I C  D-401 SSPS TEST BED CONTROLS AND ELECTRICAL 

REQUIREMENTS 

ICD-601 SSPS TEST BED FLUID SERVICE REQUIREMENTS 
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4.2 Test Cell Activation 

Before the initial test can be conducted it i s  necessary 

to demonstrate the satisfactory integration of the test 

bed with its controller and with the test facility. This 

will be accomplished by performing the following 

operations : 

. Performing Test bed/controller receiving 

inspection. 

Installing the test bed in the test cell. 

Verifying all facility fluid interfaces. . 

Connecting facility fluid interfaces to the test 

bed. 

Performing system leak check. 

Installing test bed controller in the control 

center. 



Connecting f a c i l i t y  e l e c t r i c a l ,  ins t rumentat ion and c o n t r o l  

V e r i f y i n g  . f a c i  1 i t y  e l e c t r i c a l  /i n t e r f  aces. 

i n te r faces  t o  t h e  t e s t  bed and c o n t r o l l e r .  

Performing man*.al checkout o f  t he  f a c i l i t y  and t e s t  ,ed valves 

and c o n t r o l  elements. 

Perform manual check o f  t e s t  1 

V e r i f y  ins t rumenta t ion  system. 

Conduct unpressurized combined 

m i t  values. 

system t e s t  (CST). 

Upon s a t i s f a c t o r y  completion o f  t he  CST the  in tegra ted  t e s t  bed/test  

f a c i l i t y  a re  ready f o r  t h e  i n i t i a l  pressur ized t e s t .  

4.3 Acceptance Test 

Although the  t e s t  bed and c o n t r o l l e r  a r e  fabr ica ted  a t  Rocketdyne, 

t h e  func t i ona l  acceptance t e s t  w i l l  be performed a t  Marshal Space 

F l i g h t  Center, (HSFC). The purpose o f  t h e  acceptance t e s t  i s  t o  

demonstrate the  compliance o f  t he  t e s t  bed and c o n t r o l l e r  w i t h  the  

requirements o f  C. E. S p e c i f i c a t i o n  RJ00097. 

The acceptance t e s t  w i l l  t e s t  the  accumulator module and t h e  t e s t  

bed c o n t r o l l e r .  A l l  t e s t s  w i l l  u t i l i z e  f l o w  r e s i s t o r s  i n  l i e u  o f  

t he  Government furn ished th rus ters .  



4.3.1 Controller Acceptance Criteria 

Prior to the actual acceptance test of the complete system, 

preacceptance checks a n d  tests will be performed to verify 

satisfactory operation of individual components. 

The controller system will be accepted as operating 

satisfactorily when the checkout program used at SSFL to verify 

the system prior to shipment is successfully run on the 

installed system. 

in the system memory. 

be run during different setups.. Output channels may be 

modified or disconnected if end items are cycled excessively. 

The program is named "TEST 1 "  and is stored 

The separate sections of the program may 

Each valve system will be verified operational by remotely 

cycling it from the manual control panel. 

be adjusted and operation of indicator lights on the manual 

panel shall constitute acceptance of the manual control system. 

Micro switches will 

4.3.2 Data Accluisition Acceptance Criteria 

After control and instrumentation data systems installations 

are completed, the control system data acquisition will be 

verified operational by comparing data from the control system 



w i t h  data from Faci l i ty  data acquis i t ion system. If the 

Fac i l i ty  Data System i s  not avai lable ,  a calibrated pressure 

gauge may be used. Each system wil l  be calibrated f o r  a 

standard t e s t  setup. The en t i r e  plumbing system wil l  be 

pressurized t o  a medium pressure level ( i .e .  500 psia)  w i t 9  

GN2 o r  He by opening a l l  interconnecting and isolat ion valves 

u n t i l  pressure i s  steady. Data recording will  be made on both 

the  Data acquis i t ion and control systems. After the system has 

been vented, t he  data shal l  be s l iced  and reduced, and the 

resu l t s  from the two systems sha l l  be compared. Data from a l l  

transducers (pressures and temperatures) must agree w i t h i n  2% 

of the transducer range f o r  transducers located i n  the same 

area. 

4.3.3 Test Bed System AcceDtance Cr i te r ia  

An acceptance t e s t  control sequence program will  be prepared t o  

cycle the t e s t  bed system i n  a manner descr bed below and shown 

i n  Figure 4 .3 .  The program will  contain the normal prep 

complete and redl ine functions and w i l l  be throughly verified 

pr ior  t o  system operation. 

The acceptance t e s t  sequence wil l  i n i t i a l l y  be performed 

u t i l i z ing  GN2 f o r  GOX and GHe f o r  GH2. 
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One complete acceptance tes t  cycle wil l  be performed u s i n g  the 

surrogate gasses, b u t  wi l l  not cons t i tu te  the  o f f i c i a l  

acceptance tes t .  Additional surrogate gas cycle t e s t s  may be 

performed as  deemed necesdry  by Rocketdyne o r  HSFC personnel 

t o  verify sa t i s fac tory  operation p r io r  t o  the o f f i c i a l  

acceptance tes t .  

For the o f f i c i a l  acceptance t e s t ,  GO2 and GH2 wi l l  be 

loaded in to  their  respective storage vessels from the f a c i l i t y  

systems t o  the pressures l i s t ed  below: 

1000 psia 5 50 PSIA 

1000 psia 5 50 psia 
G02 

GH2 

The t e s t  c e l l  shal l  be evacuated t o  a pressure of 8 TORR o r  

lower pr ior  t o  the  loading operation, and this pressure shall  

be maintained throughout the acceptance t e s t  w i t h  the exception 

noted l a t e r .  The engine feed l i nes  shal l  have been previously 

capped and o r i f i c e s  simulating the engine back pressures shal l  

have been ins ta l led  i n  t h e  respective engine bleed l ines  (items 

38 on drawing 7R030294). The system bleed valves (item 37 and 

item 45)  sha l l  be used t o  simulate the engine and r e s i s t o j e t  

propellant valves and the venturi pressure will  be set f o r  a 

nominal mixture r a t i o  of 4. 



Target f lowra tes  s h a l l  be 0.071 pounds/sec o f  GO2 and 0.0179 

pounds/sec o f  GH2. 

The sequence o f  operat ions w i l l  s imulate a f i r i n g  o f  a 

r e s i s t o j e t  engine f o r  50 seconds fo l lowed by a long dura t ion  

f i r i n g  o f  t h e  main th rus te r .  

t h r u s t e r  burn s h a l l  cont inue u n t i l  e i t h e r  the  GO2 o r  GH2 

Tank o u t l e t  temperature decays t o  400"R. This w i l l  conclude 

t h e  f i r s t  phase o f  t he  acceptance t e s t .  

The simulated steady s t a t e  main 

The accumulator tanks w i l l  be al lowed t o  r e t u r n  t o  500"R 

minimum before  beginning phase 2. Pressure i n  the  chamber may 

be returned t o  ambient pressure a t  t h i s  p o i n t  t o  f a c i l i t a t e  

warming o f  t h e  gases. 

P r i o r  t o  beginning phase 2 o f  t h e  acceptance t e s t ,  t h e  chamber 

s h a l l  be recondi t ioned t o  less  than 8 TORR. The sequence o f  

phase 2 s h a l l  be the  same as phase 1 w i t h  the  except ion t h a t  

t he  long dura t i on  burn w i l l  be terminated when e i t h e r  o f  t h e  

accumulator e x i t  pressures (PH15 o r  P015C) reaches 300 ps ia.  

A t  t h i s  p o l n t  a r e s i s t o j e t  burn o f  50 seconds w i l l  be simulated 

and the  t e s t  sequence w i l l  be terminated. 



After the test has been secured, the data shall be reviewed to 

verify that stable venturi inlet pressures ( 5  5% o f  nominal 

Value) were attained during the steady state burns and that the 

valve sequence matches the desired sequence as shown on the 

pretest sequence printout with the exception of the duration. 

This will constitute satisfactory completion of the Test Bed 

Acceptance test. 

The SSPS TEST BED acceptance signoff sheet (Figure 4.4) shall 

be signed by the designated MSFC and Rocketdyne personnel. 

Completion of all signoffs will constitute acceptance of the 

Test Bed System. 

Table 4.1. 

The complete acceptance criteria are shown in 

NOTE: In case either accumulator tank exit pressure decays to 

300 psia in Phase 1 of the acceptance test prior to either of  

the tank temperatures decaying to 400°R, the final 50 second 

resistojet burn simulation will be immediately injtiated and 

phase 2 will not be required. 

\ 



SSPS TEST BED ACCEPTANCE SIGNOFF SHEET 

CONTROLLER ACCEPTANCE 

ROCKETDYNE 

CHECKOUT PROGRAM "TEST #l" 
OPERATED SATISFACTORILY 

MANUAL CONTROL OPERATED 

SATISFACTORILY 

DATA ACQUISITION SYSTEM 

DATA AND CONTROL SYSTEM 

DATA AGREE WITHIN 2 2% 

FLOWRATE STABLE WITHIN 

- + 5% DURING STEADY STATE 

TEST 

ACCEPTANCE TEST SEQUENCE 

OF VALVES SATISFACTORY 

HSFC 

SYSTEM ACCEPTANCE O . K .  

F i g  4.4 



TABLE 4.1 ACCEPTANCE TEST CRITERIA 

TEST TYPE ACCEPTANCE REQUIREMENT 

COMPUTER CONTROLLER A) RUN "TEST 1" CHECKOUT SEQUENCE PROGRAM 

SATISFACTORILY 

B) OPERATE ALL VALVES AND INDICATOR CIRCUITS 

FROM MANUAL PANEL SATISFACTORILY 

DATA ACQUISITION SYSTEM A) RECORD PRESSURE/TEMPERATURE DATA AT STEADY 

STATE PRESSURIZED CONDITION I N  TEST BED 

B) ALL SIMILARLY LOCATED TRANSDUCER DATA FROM 

A) AGREE WITHIN 5 2% BETWEEN FACILITY DATA 

SYSTEM b CONTROL DATA SYSTEM 

TEST BED SYSTEM OPERATION SUCCESSFUL OPERATION OF SEQUENCE SHOWN ON 

FIGURE 1 AT FOLLOWING CONDITIONS 

I N I T I A L  TANK PRESSURES - GO2 1000 PSIA 

GH2 1000 PSIA 

FINAL TANK PRESSURES GO2 300 PSIA 
(EITHER) GH2 0300 PSIA  

CELL PRESSURE 

VENTURI INLET PRESSURE - GO2 200 5 3 0  PSIA 

GH2 2 0 0  5 3 0  PSIA 

TANK GAS TEMPERATURES GO2 400°R 

GH2 400'R 

B TORR 

( M I  N I MUM) 

RESISTOJET VENTURI PRESSURE 200  2 3 0  PSIA 



4.4 System Evaluation and operation 

4.4.1 Ensine Test Bed System Test 

Following completion of the  Test bed acceptance, i t  !s 

recommended t h a t  a thruster be mounted on the system and a 

se r i e s  of t e s t s  be r u n  t o  characterize main thrus te r  operation 

and ident i fy  any possible interact ions w i t h  the  t e s t  bed. 

possible tes t  matrix f o r  these t e s t s  i s  shown i n  Table 4.2. 

A 

4.4.1.1 Venturi Evaluation/chanqes 

The t e s t  bed was designed and configured f o r  a nominal mixture 

r a t i o  of 4.0. I f  the engine selected t o  be r u n  has a nominal 

mixture r a t i o  of 8.0, the  venturies m u s t  be re-evaluated. I t  

i s  probable i n  th i s  case, t h a t  the GH2 venturi will  need t o  

be changed. I n  addition, i t  i s  recommended t h a t  t h e  venturies 

be moved and close coupled t o  t h e  th rus te r  propellant m a i n  

valves t o  permit multiple s t a r t  tes t .  



TABLE 4.2 SYSTEM EVALUATION/OPERATION TEST MATRIX 

OBJECTIVES TEST SERIES 
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

CHARACTERIZE ENGINE/TEST BED 
INTERACTIONS x x x  x x  

START TRANSIENT X 
STEADY START DURATION x x  
MIXTURE RATIO VARIATIONS X 
TANK PRESSURE VARIATIONS X 

CHARACTERIZATION X 
CHARACTERIZE MODIFIED SYSTEM x x x  

START/STOP X X 
STEADY STATE x x  

ENGINE SYSTEM OP X 
MULTIPLE ENGINE F IR ING X 

UTIL IZATION X 
ELECTROLYSIS SUPPLY SYSTEM X 

MASS FLOWRATE CONTROL SYSTEM 

0 

CHARACTERIZE MULTI'PLE 

AUTOMATIC PROPELLANT 

CONDITIONS 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  

TANK PRESSURES - NOMINAL 1000 PSIA x x  X 
- VARIABLE x x x x  x x x x x x  

X x x  X x x x  - AMBIENT 
x x  X x x x  - < 8 TORR START x x x  

- 8  x x x  - VARIABLE x x x x x x x x x x  
MASS FLOW CONTROL ACTIVE x x x x x x x x x x  
PROPELLANTS 

CELL PRESSURE 

MIXTURE RATIO 

- G02/GH2 
- GN2/GHe 

SIMULATED ENGINE x x x x  

, 



4.4.1.2 

4.4.1.3 

4.4.1.4 

The engine would be subjected t o  a series of t e s t s  beginning 

w i t h  igni t ion only al.- continuing through acquisit ion of steady 

s t a t e  conditions. These tests would determine engine s t a r t  and 

operating conditions on the  t e s t  bed. The tanks would be 

loaded t o  nominal operating conditions pr ior  t o  the  f irst  

tests.  The c e l l  would be maintained a t  l ess  than 8 TORR a t  the 

s t a r t  of engine testing. 

Duration Tests 

The engine would be subjected t o  a series of t e s t s  of 

increasing duration culminating w i t h  a burn  of maximum feed 

system duration. 

operation w i t h  the engine and tes t  bed combination. 

ce l l  would be  conditioned t o  less than 8 TORR pr ior  t o  the 

s t a r t  of each series and maintained below the nozzle unstar t  

pressure level a t  a l l  times d u r i n g  a burn .  

These would v e r i f y  sa t i s fac tory  system 

The t e s t  

Mass Flowrate Control System Characterization 

A blow down t e s t  series would be conducted t o  characterize the 

operation of t he  regulators under  varying mixture ratio/mass 

I 



flowrate changes d u r i n g  a continuous simulated th rus t e r  b u r n .  

The GO2 and GH2 systems would be operated i n  the same 

manner as  f o r  a real engine burn ,  b u t  the system bleed valves 

would be actuated i n  place of the engine prop valves. 

sequence of flowrate changes shown i n  f igure 4.5 would be r u n  

d u r i n g  t h i s  t e s t .  

determine system operation fo r  the  next engine ser ies .  

The 

The resu l t s  of this t e s t  would be used t o  

4.4.1.5 Mixture Ratio/Tank Pressure Excursions 

A ser ies  of t e s t  would be conducted a t  varying mixture r a t i o  

and tank conditions. These would fur ther  characterize the 

engine testbed operat on. 

The mass flowrate and mixture r a t i o  of the engine would be 

varied as required d u r i n g  s ingle  engine burns based upon the 

r e su l t s  of the previous mass flowrate control system 

characterization ser ies .  
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4.4.2 Plumbinq Modification 

A minor modification to the plumbing is recommended to 

facilitate multiple engine and pulse testing. 

system was originally designed .,r testing single engines for 

long steady state burns. 

an engine during a single test or to verify operation of 

multiple engines from a single system, the following changes 

are recommended. 

The test bed 

In order to perform multiple burns of 

4.4.2.1 Move existing GO2 and GH venturies to a location 

immediately upstream of the prop valves and minimize the line 

volume between the venturies and valves. 

2 

The volume between the venturies and prop valves will be 

charged to the pressure upstream of the venturies after the 

engine has completed one start-stop cycle. During-the 

remaining engine start transients, this precharged pressure 

will cause a higher than desired flowrate until the pressures 

decay to the run values. By reducing the volume between the 

valves and venturfes, this effect can be minimized or 

el iminated. 



4.4.2.2 Add a set of or i f ices  immediately upstream of existing 

bleed va ves (item 337 on drawing 7R030294) w i t h  Ae values 

the same as f o r  the exis t ing venturies and w i t h  the same l ine  

balumes as  those of 4.4.2.1. Add new pressure and temperature 

transducers upstream of the  venturies t o  measure flow rates.  . 

4.4.2.3 Add manifold volume between the regulators and 

venturies. T h i s  i s  required t o  add some capacitance t o  the 

flow system t o  minimize flowrate perturbations d u r i n g  multiple 

engine f i r i n g s .  A l l  lines from each manifold t o  the venturies 

should be of s imi la r  length  and volume. 

m i g h t  be used a shown i n  f igure 4.6. 

temperature measurements should be added t o  the  manifold and 

lines as required f o r  system characterization. 

A section of t u b i n g  

New pressure and 



0 
EXIST 

I 
EXIST @ 

(NEW) 

EX::: 

EXIST- - 
T O  VENT 

NEW 

NEW 

@+a EXIST 
if EXIST WW 

-I- NEW 
t 

T O  VENT 

FIG. 4-6 MODIFIED CONFIGURATION 



4.4.3 

4.4.2.4 - Replace Main engine regulators with throttle valves 

controlled by the Computer Control System. Control system 

would maintain desired mass flow rate by cnanging position of 

throttle valve. 

recommended at this time. 

Replacement of Resistojet regulator is not 

Modification System Characterization 

A series of simulated engine runs would be required initially 

to calibrate and characterize the throttle valves, and verify 

stable system operation with the above changes. 

would be replaced with the simulated prop valves plumbed to the 

bleed lines. 

nominal run conditions. 

pressure. 

conditions and various flowrate conditions would be run to 

verify satisfactory operation at all conditions of supply 

pressure and flowrate. , 

The engine 

The tanks would be loaded with GO2 and GH2 to 

The cell would be at ambient 

A series of tests to simulate various start-stop 



4.4.4 M u l t i p l e  Enaine System Operation Simulat ion 

A ser ies  o f  t e s t s  would be conducted us ing t h e  bleed valves and 

simulated prop valves t o  determine the  feed system 

c h a r a c t e r i s t i c s  f o r  simultaneous operat ion o f  two th rus te rs  on 

a c o m n  supply system. 

cond i t ions  and the  c e l l  would be a t  ambient pressure. 

Tanks would be loaded t o  nominal 

Various 

cond i t ions  o f  mix tu re  r a t i o s  and tank pressures would be 

evaluated t o  assure s tab le  feed system operat ion.  

4.4.5 Endne F i r i n g  i n  a M u l t i p l e  Thruster  System 

A ser ies  o f  t e s t s  would be conducted using the  bleed valves t o  

s imulate a second t h r u s t e r  f i r i n g  dur ing  f i r i n g s  o f  t h e  actual  

t h rus te r .  

two t h r u s t e r  system operat ion.  

cond i t ions  and the  c e l l  would be pressur ized t o  l ess  than 8 

TORR a t  t e s t  s t a r t s .  Various combinations o f  m ix tu re  r a t i o s  

These t e s t s  could v e r i f y  s a t i s f a c t o r y  operat ion o f  

Tank would be loaded t o  nominal 

tank pressures, and engine f i r i n g  sequences would be run  t o  

v e r i f y  s t a b l e  engine operat ions.  



4.4.6 Automatic Propellant Utilization (P/U) tests 

A Control System Program would be provided to perform automatic 

propellant utilization maximization during system operations. 

This would vary the engine mixture ratio and operatibig 

conditions to make maximum use o f  the propellants available in 

the accumulators. A series of  tests would be run in which 

varying tank pressure conditions would simulate possible space 

station scenario caused by different load and use rates from 

the GO2 and GH2 systems. 

4.4.7 Electrolysis SUDD~Y System 

An electrolysis supply unit would be mounted on the test bed 

and connected to the accumulator tank system. A series of 

tests would be conducted in which the computer control system 

would automatically operate the electrolysis unit to load the 

accumulator and fire the engines. An integrated system 

scenario utilizing the engines, resistojet, P/U system and 

electrolysis systems would be devised to simulate the actual 

space station operation. The test cell would be maintained at 

less than 8 TORR except when the engine is firing. 



5.0 I ns t rumen ta t i on 

The test bed as delivered is equipped with instrumentation for 

monitoring peyformance and for control system intet,lacing. 

The data instrumentation will monitor:- 

Thruster performance/operating conditions 

Storage tank thermodynamics and outflow conditions 

Stored fluid mass 

Valve/regulator operations 

Propellant leakage 

In addition supplying operating data, this instrumentation will 

supply information for trouble shooting. 

The instrumentation installation for the accumulator module is shown 

schematically in Figure 5-1. The pressure transducer master list is 

presented in Table 5-1. The temperature transducer master list i s  

presented in Table 5-2. 

These data will be updated to includeathe propellant storage module 

instrumentation when this information is available. 
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The t e s t  bed cont ro l le r  interfaces  w i t h  the t e s t  bed through 

dedicated control instrumentation. The dedicated control 

pressure transducer master l i s t  i s  presented i n  Table 5-3. 

control temperature transducer master l i s t  i s  presented i o  

Table 5-4. The design overview o f  the  of  the t e s t  bed and 

f a c i l i t y  control and interface is  presented i n  f igure 5-2. 

The 



6 .Q Test Procedure 

The Pre-test,  t e s t ,  and post-test t e s t  operations a r e  

recommended i n  t h e  fol lowing Rocketdyne supplied Procedures: 

RL 00881 Test  Bed/Faci l i ty  In-Cel l  Leak check 

RL 00082 Test Bed Post-Test saf ing,  I n e r t i n g ,  and Backout 

Procedures 

RL 00883 Test Bed System I n e r t i n g ,  Conditioning, and 

Propel lant  Loading 





U 

0 .  
' U  

z 
0 
0 

0 
fi 

z 
0 
0 

0 
fi 

z 
0 
0 

0 
r i  

z 
0 
0 

0 
ri 

z 
0 
0 

0 
ri: 

z 
0 
0 

0 
fi 

z 
0 
0 

0 
fi 



Y 


